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Abstract

This paper introduces a new araffordable method of
realising 10 1Q Software Definedreceivers,and how to 75
synchronse them. Wefirst discuss the need for mulitple 1Q . _ £ <
and the availiable techniques. We then introduce the-R1 ‘ '
SDR and Matlab as aewy low cost prototype implementation
of 10 IQ streamsThis leads tdhe designand marufacture of
aPCB to distribute a single clock to multiple RHDRs. The
required modifications to the RTEDRs to receive the
distributed clock and othemodifications to improve the
overall performancare presentedNe thendescibe how to
attain raw 1Q data anslynchronsethe receiversFinally, we
prove all 10 can maintain a phase lock over a frame of
seconds.

TOTTT

1 Introduction Figurel: (Top) Block diagram ofthe manufacturedircuit.

With over ten thousanMIMO relatedpublishedpapersin the (Bottom) Manufactured and assembB&i8MHzreference
last three years ahe IEEE along only a small numberof distribution amplifier.

researchers have a chance to apply their early stage condapiement lowcost phase kgned data captureMatlab
and test it in the real worldFurther applicationssuch aghe officially supports designing and prototype SDR systems
Microsoft's recent Indoor Localisation competiton [1], using Matlab and Simulink [9]From our understanding
conclude that indodocalisationis still a hot topic and further Matlab supports the existence of multiple RBDR with no
research is requiredThe Angle of Arrival (AoA) is one upperlimitation.

solution requiring synbronised receiversto measure the The paperis organsed as follows: Sectim 2 presents the
phase difference between them aswbsequentlyapply a phase lockreference and modifications to improve the
diverse rangef Digital Signal Processingsystems such asperformance bthe RTL-SDRs. Section & dedicatedo the
ArrayTrack [2] utilise spatial diversityand achieve crevel time alignment of the ten RFTSDRs,in Section 4 we discuss
accurag. the result and in Section Wwe conclude anduggestsome
Convaitional research platforms for concurrent 1Q streamext step.

data capture can be prohibitively expensive for estdge

proof of concept remarch and developmenA single two 2 Phase lock reference and improvements on
channel Software Defined Radio (SD&ncostcirca £1300 he RTL-SDRs

[3] while a four channel SDR transceiver adapter module for

theNI-PXI platform alone is circ2770 f]. This section is split into two subsections. At Subsection 2.1
TheRTL-SDRis a popular, lowcost USB TV Tuner§] with  we provide the necessary information to manufacture the
a cost less thafil7. It has found application in recent yeargequired hardware to achieve phase logkr 10 RTLSDRs

by educators §] andin many published applications.g.[7- and Subsection 2.2 idedicated to hardware improvements

8]. Matlab now supports multiple concurrent instantiations ghq optimizations that can be applied on the fSDRs.
the RTL-SDR which raises the attraction of its application to

the capure of phasaligned RF datalhis paper describes thes 1 common oscillator source

approach we have taken to modify R820T2 RIDRs

(priced less than£7), to achieve phase lock between 100 synchronisesampling and carrier oscilator phasef

modules and how this can then be used multiple RTL-SDRS a common clock source iecesary. To
reduce temperaturesengivity and maintain a low costa
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modifications reference.

Temperature Compensated Crys@scillators (TCXO)is

favoured For thisapplicationthe TCXO output at 28.8 MH 3 Sample Time Alignment

[10] was first bufferedand amplified as seen in Figure 1 _ _

(Top). With a TCXO output being at 0.8,, and the Due tocomputeroperating system latency and schqtrlylthe
oscillator voltageof an unmodifiedRTL-SDR measurecat 2 actual start of sampling at eacRTL-SDR is not
Vpp the required gain ig=2.5 The R820T2 chip seliases determlplstlc Th.|s uncertainty .must be removed by
its oscillator input pin, so only AC coupling is requiredneasuring the time delay experienced by eRii-SDR

Figure 1 (Bottom) shows part of the PCB manufactured aw®ingaknownstandardTo the best of our knowledge Matlab
assembled for our purposedle split the circuit into two cannot operate more thame RTL-SDR without a Parallel

boards, where each one services 5 FSDR. This Poollicenseor Simulink. Choosing any of those two solutions
Conﬁguration offers the Versat”ity that is necessary for a 1\@"' increase the overall CPU load which will further increase

nn

antenna configuration, minimising the cable lengths the systems’ latencylo overcome thiswe creae and edit a
batch file through Matlab running the commant sdr in
2 2 Modificationsto the RTL-SDRs Windows’ command line with the appropriate parameters

This command is availabléor Windows through Matlab’s
Forthe sake ofspacewe cannot provide the full schematic o€ommunications System Toolbox Support Package for-RTL
an RTL-SDR [11]; for notation purpose in Figure 2 we sho8DR Radio AdeOn [9] and it is only required to be added to
some parts that are referenced for modificati@very RTL- the PATH environment vable The number of connected
SDR requires a simple hardware modification to connect tR&€L-SDRs and their buffer size playsan important rolein
comma oscillator sourceAfter the removal of the through reliability of data transfer.
hole onboard crystal oscillator(XTAL) and the SMT We implemented an anchor node concept that was in a
capacitors(C21, C22)we attach a pin and feed the signalefined position and used aseferencephase for alRTL-
from the TCXO distribution amplifier PCB to pin 8 of theSDRs The anchor node caaiso be a leakjeed directly into
R820T2 chip.Furthermore, alRTL-SDR require a common the RTL-SDRs, periodically enablel to synchronise each
ground We make sure that the length of the cablésame. Usingthe anchorthat transmits a known signal, we
connecting thground and clock frorRCBto each RTLSDR crosscorrelate each received signal from all the RIDRs,
are at minimunio decreaséos®sand noise pick up find the RTL-:SDR with the highest delay and synchronise the
Thecommercial RTESDR is manufacturetb service a large remaining RTESDRs. We can then subtract the known signal
bandwidth Figure 3 shows the return los$S11 of an sequence and have a phase synchronised 1Q datatfeof®
unmodifiedRTL-SDR with a TV connector. W can see that receiverdfor the remainder of the fram&his process must be
S11 isbetween-8 dB and-10 dB from 600 to 900 MHz repeated for each received frame, as tway is not
which makes the RTHSDR efficient at those frequencies. Tenaintainel between frames.
optimise theRTL-SDR we can perform further modifidahs
such as replacing the TV connector with an SMA and tuning Results and Discussion
the onboard matching network. Thenboard matching
network is aseries LC circuit (C13, L9) after the RF We have measured the phase alignment of the 1Q framed data
connector (RFin) as seen in Figure. Depending on the from 10 RTL-SDRsaligned to a reference anche used
frequency of the application wean design and apply thean SPIRIT1 low ratetransceiver[12] as an anchor node
appropriate matching network using the availablesp&ii3, transmitting anOOK signal ata carrier frequency 0869.05
L9) on board or directly on the SMA connectmradaptthe MHz, with a data rate 0500 bps, an output power 670
PCB. dBm. For simplicity, we only present then-phase
componentsn time in Figure4 (a) mther than bothnkphase
and Quadrature. Thepreserntd frame is a conductive



(a) Syncronised In-Phase frame in time
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Figure 4:(a) Synchronized receivedi-phase frame that shows the phase alignment in the (b) beginning and (c) énding o
the frame.

measurementof the OOK modulation signal at an

Intermediate Frequency oD%Hz, 1 Meg sample rateand References
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40 ps that shows all 10 {phase streams synchronised while

(2]
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